Background: In patients with relapsing-remitting MS (RRMS) fingolimod prevents disease relapses and delays disability progression. First dose administration of fingolimod is associated with a transient, dose-dependent decrease in heart rate (HR) in the 6 hours after drug intake. The aim of the study is to to assess safety and tolerability of the first dose of fingolimod in a cohort of Italian patients with RRMS without alternative therapeutic options.
Background
Fingolimod (Gilenya™, Novartis) is an oral drug recently approved in Europe and the USA for the treatment of relapsing-remitting multiple sclerosis (RRMS). Phase II and III clinical trials have shown that fingolimod is superior to placebo and interferon beta-1a in preventing relapses; it also delays disability progression compared to placebo [1] [2] [3] . The mechanism of action of fingolimod is based on its functional antagonism of the receptors for sphingosine-1 phosphate (S1P) expressed by lymphocyte subpopulations. The binding of S1P to S1P receptors normally mediates the egress of lymphocytes from lymph nodes, so the binding and internalization of these receptors by fingolimod blocks this signalling and results in compartmentalization of circulating lymphocytes in the peripheral lymphoid organs. This strongly reduces the attack induced by the circulating myelin-reactive lymphocytes.
The interaction of fingolimod with S1P receptors in tissues outside the immune system can lead to side effects. More specifically, fingolimod is associated with a transient decrease in heart rate (HR) after the first dose intake, likely due to its interaction with S1P1 receptors expressed in atrial myocytes [4] . This transient decline in HR after the first dose of fingolimod was first observed in a clinical trial with renal transplant patients [5] . Phase II and phase III clinical trials in MS patients showed that treatment with fingolimod causes a decrease in HR within the 6 hours after the first administration (with a nadir at the fourth to fifth hour post dose), which is transient, dose-dependent and usually asymptomatic, and that first-and second-degree Mobitz type I atrioventricular block (AVB) may occur as a complication of the treatment [1] [2] [3] . A recent pooled analysis of data from three phase III clinical trials with fingolimod in MS showed that, in the 1212 patients treated with fingolimod 0.5 mg/day, symptomatic bradycardia (with dizziness and moderate somnolence) occurred in 0.6% of patients, and the incidence of AVB was 4.7% for first-degree AVB (versus 1.7% in the placebo group) and 0.2% for second-degree AVB Mobitz type I (versus 0 cases in the placebo group) [6] . In addition, two case reports have been published describing cardiac complications in patients with MS receiving fingolimod; one reporting transient asystole lasting for 7.5 seconds occurring 21 hours after the first dose in a subject who was under treatment with the antipsychotic drug risperidone [7] , and another reporting endocarditis resulting in severe mitral regurgitation, atrial fibrillation, and congestive heart failure in a patient with MS, Leiden V mutation, psoriasis and sicca syndrome, where fingolimod was considered a possible contributor to the cardiac complications [8] .
The cardiac safety profile of fingolimod was reviewed in 2012 by the US Food and Drug Administration (FDA) and the European Medicines Agency (EMA), prompted by a report in the post-marketing period of a sudden death, within the 24 hours following the first dose, of a patient who suffered from hypertension and was cotreated with the calcium-channel blocker amlodipine and the beta-blocker metoprolol [9, 10] . The conclusion of this review was that the overall benefit/risk ratio of fingolimod is positive, although hourly check of HR and blood pressure (BP) and electrocardiographic (ECG) monitoring at the first dose (either continuous, according to the EMA, or pre-dose and 6 hour post dose, according to the FDA) is recommended. Also the co-administration of fingolimod and drugs which can cause bradycardia and QT prolongation should be avoided [9, 10] .
In the period when fingolimod had already been approved by the EMA but was not yet available in the local market in Italy, a clear ethical and clinical need appeared evident for all patients considered to be without alternative therapeutic options. Such patients were those with an unsatisfactory response or poor tolerability to interferon beta or glatiramer acetate and who developed an excessive risk of progressive multifocal leukoencephalopathy (PML) in association with natalizumab therapy (or those who refused to take any PML risk). In order to meet this important medical need, an open-label single arm study was initiated in Italy at the beginning of 2011 with the two fold objective of providing the above mentioned patients access to fingolimod and collecting safety and tolerability data in this population, which is broader than that of the pivotal trials in terms of concomitant diseases and medications received. Here we report the safety and tolerability results of the first dose of fingolimod.
Methods

Study design
The clinical trial CFTY720 DIT03 (EudraCT number 2011-000770-60) was a non-comparative, open-label, multicentre study of the administration of fingolimod in patients with RRMS for whom no alternative suitable therapy was available. All patients provided written informed consent. After a screening period of 14 days, all eligible patients started treatment with fingolimod at the baseline visit. Follow up visits to assess tolerability and safety were conducted at month 1, month 3, month 6 and then every 6 months, until the end of the study, which occurred when the market drug was available at the specific site. Expanded Disability Status Scale (EDSS) was also scored at baseline and at the end of the study, and any relapse which might have occurred was recorded. Only the safety and tolerability data associated with the initial dose of fingolimod are reported herein.
Patients
Eligibility criteria included relapsing remitting disease course, age 18 years or older, no other therapy options, EDSS score of 0 to 6.5 (inclusive), minimum washout period of 3 months in case of previous treatment with natalizumab. Key exclusion criteria were history of chronic disease of the immune system other than MS, infections (active systemic bacterial, viral or fungal infections), history or presence of malignancy, uncontrolled diabetes or moderate to severe diabetic retinopathy, macular oedema, negative varicella-zoster IgG antibody status, severe cardiovascular disease, treatment with class Ia or class III antiarrhythmic drugs and uncontrolled arterial hypertension.
First dose administration
After a screening period of about 14 days, during which patient eligibility was verified through blood tests, vital signs measurement (HR, systolic and diastolic BP), ECG recording and ophthalmic evaluation, the first dose of fingolimod was administered at the baseline visit. Vital signs were measured again prior to study drug intake. Patients were then observed for 6 hours after treatment initiation for signs and symptoms of bradycardia (first dose monitoring) and by checking HR and BP hourly. Extended on-site monitoring was required in cases where the patient had symptomatic bradycardia or the HR at 6 hours was the lowest value measured; monitoring continued until resolution of symptoms or increase in HR, according to the investigator's clinical judgement. Patients with symptomatic bradycardia were required to take the second dose of fingolimod at the clinical centre.
Neither ECG pre and post dose, nor continuous ECG monitoring was mandated by the study protocol; ECG was performed at discharge or at any time during the 6 hours if clinically indicated and evaluated by a cardiologist. The study protocol did not include a definition for bradycardia, which was reported based on the judgment of the treating neurologist.
Ethical requirements
This clinical study was performed in accordance with the ICH Harmonized Tripartite Guidelines for Good Clinical Practice, with applicable local regulations, and with the ethical principles laid down in the Declaration of Helsinki. The study was approved by the local Ethics Committees (Appendix 1). Written informed consent was obtained for the publication of individual clinical details.
Statistical analysis
The population of the present analysis is all patients who received at least one dose of study drug. Since data were not normally distributed, the nonparametric Mann-Whitney U test was employed to detect intergroup differences. Fisher's exact test was employed to compare the prevalence of concomitant treatments among groups. A p-value less than or equal to 0.05 was considered significant.
Results
Study population: baseline characteristics
In total, 906 patients were enrolled in this trial (CFTY720 DIT03) and included in this analysis. Table 1 shows the baseline characteristics of patients included in this study. The mean age of the population was 39 years, and 36% were male. Patients had a mean duration of MS of 8.56 years and a mean EDSS score of 3.06. Approximately 25% of patients had previously received natalizumab.
Concomitant medical conditions included hypertension (34/906 patients; 3.8%), mood disorders (75/906 patients; 8.3%) and headache (31/906 patients; 3.4%). Fifteen per cent (136/906) of patients were treated at baseline with drugs which had the potential effect of decreasing HR or prolonging QT interval, as detailed later.
At the baseline assessment, data on BP and HR were available for 905 patients. Of these, 125 patients (13.8%) had a systolic BP ≥140 mmHg and/or diastolic BP ≥90 mmHg. Median HR before starting the treatment was 74 beats per minute (bpm) (±10.0) and 39 patients (4.3%) had a HR lower than 60 bpm.
Adverse events during the first dose administration
The majority of patients (863/906; 95.3%) did not have any adverse event following the first administration. The remaining 43 patients (4.7%) had at least one adverse event during the first dose monitoring as reported in Table 2 . Of the non-cardiac symptoms, headache was the most frequent (6/906; 0.7%), followed by nausea (5/905; 0.6%). Cardiovascular adverse events occurred in 18/906 patients (2.0%) and included bradycardia (12/906; 1.3%), first-degree AVB (1/906; 0.1%), second-degree AVB Mobitz type I (2/906; 0.2%), palpitations (1/906; 0.1%), sinus arrhythmia (1/906; 0.1%) and ventricular premature beats (1/906; 0.1%). Four out of 12 patients with bradycardia had symptoms related to HR decrease such as nausea, asthenia and vertigo. One serious adverse event occurred in one subject with second-degree AVB Mobitz type 1; although the patient was asymptomatic and the event spontaneously resolved, the patient was hospitalized and treatment was stopped. Fingolimod was discontinued in another patient with persistent bradycardia reported by the treating neurologist, although it was deemed mild (HR 59 bpm). Therefore, two out of 906 patients permanently discontinued the treatment due to an adverse event occurring during the first dose monitoring. AVB details are provided in Table 3 . The three cases of AVB were detected during the course of the 6 hour monitoring, since ECG was performed, as clinically indicated. In particular, in one case (Case 1) arrhythmic frequencies were detected at pulse assessment, while in another case (Case 2) the investigator observed a large decrease in HR (15 bpm). In the last case (Case 3) the patient underwent the ECG due to appearance of symptoms (asthenia) probably related to the decrease in HR. All three patients with AVB had received interferon treatment prior to fingolimod: patient 1 was treated with intramuscular interferon beta-1a for 6 months and started fingolimod after a 1-month washout period; patient 2 was treated with subcutaneous interferon beta-1a
Extended monitoring
The majority of patients (867/906; 95.7%) was discharged after six hours and continued fingolimod therapy as outpatients. Extended monitoring was required in 34/906 (3.8%) patients due to: symptomatic bradycardia (2/906; 0.2%), lowest HR value at the sixth hour postadministration (28/906; 3.0%), first-degree AVB and symptomatic bradycardia (1/906; 0.1%), second-degree AVB Mobitz type I (2/906; 0.2%) or high BP (1/906; 0.1%). Five of these 34 patients also returned on the second day to repeat the procedure for the monitoring after dose intake. Baseline HR was not different in those who underwent extended monitoring versus those who were discharged at the sixth hour (mean values of 75.97 vs 73.97 bpm; p = 0. 436). Baseline systolic BP values were similar in the two groups (119.53 mmHg for those with extended monitoring vs 118.66 mmHg for those who were discharged at the sixth hour; p = 0.6380), as well baseline diastolic BP (77.59 mmHg vs 74.76 mmHg; p = 0.0704). Additionally, five subjects (0.5%) were discharged at the sixth hour without the need of extended monitoring but returned the next day for clinical evaluation and administration of the second dose (Figure 1 ). Table 4 describes the use of concomitant medications with a potential effect on cardiac function in the overall study population (906 patients) and in the population who underwent the extended monitoring (34 patients). No significant relationship between the concomitant treatment with beta-blockers, selective serotonin reuptake inhibitors (SSRI), tricyclic antidepressants, serotonin-norepinephrine reuptake inhibitors (SNRI) antidepressants, antipsychotic drugs, muscle relaxants, antimuscarinic drugs or macrolide antibiotics and the need for extended monitoring was found; while the use of topiramate, 4-aminopyridine and trazodone were found to be significantly associated with need for extended monitoring (p = 0.03, p = 0.01, p = 0.03 respectively), the patient numbers were small (2/34, 2/34 and 1/34, respectively). In detail, topiramate was taken by one patient who developed second-degree AVB and by one patient who was not discharged due to lowest HR at sixth hour (HR after 6 hours was 65 bpm), while two patients treated with 4-aminopyridine were not discharged due to lowest HR at sixth hour. Additionally, the only patient with first-degree AVB was the only subject treated with the antidepressant drug trazodone in the whole cohort. Given the small number of subjects, caution is warranted in interpreting these results. 
Concomitant medications
Discussion
We report safety and tolerability data on the first administration of fingolimod in a large cohort of Italian patients resembling "real world" patients. In such a patient population, the first administration of fingolimod was safe overall. Adverse events were reported for a minority of patients (4.7%) and were of mild severity. The only serious adverse event was one asymptomatic case of AVB second degree Mobitz type I that required hospitalization but resolved spontaneously. Only 2/906 patients discontinued the treatment at the first dose administration due to an adverse event (asymptomatic and spontaneously resolving AVB second degree, Mobitz type 1, and mild persistent bradycardia). A total of 18/906 patients reported cardiac adverse events. A small number of patients were not discharged after the first 6 hours, due to AVB, symptomatic bradycardia, or lowest HR registered at the sixth hour. It is important to underline that the episodes of AVB and symptomatic bradycardia were self-limiting and no patients developed life-threatening changes in HR. In all three cases of AVB, the patients had been previously treated with interferon; however, given the duration of the washout period in each case, and the short half-life of interferon (hours), we propose it is unlikely that the previous interferon treatment could have a synergistic role with fingolimod in causing AVB. Although it would have interesting to be able to analyse these data to further investigate the possible predisposing or synergistic role of a previous diseasemodifying drug with fingolimod in causing AVB, the variability in previous treatment regimens, duration and washout periods, together with the limited number of AVB cases did not allow a reliable statistical analysis to be performed. Table 4 Concomitant medications, n (%), in the total patient population (n = 906) and in patients who underwent extended monitoring after the first dose of fingolimod (n = 34) While randomized clinical trials performed during drug development are often sufficient to delineate the benefit/ risk profile of a drug [11] , the rate of rare adverse events may be underestimated due to the limited number of enrolled patients and to the particular selection criteria employed [12, 13] . From this point of view, controlled clinical research has clear value in terms of intrinsic validity, whereas high extrinsic validity is associated with large trials or clinical experience in a real word setting. Patients in this study were older, had higher disease duration and lower mean relapse rate within the previous year in comparison to the populations treated with the same dose of fingolimod in phase III studies [1, 3] . In these phase III studies, bradycardia was found in 0.9% and 0.5% of patients receiving fingolimod 0.5 mg/day, compared with 0.4% in the present study. First degree AVB was found in 0.5% and 0.2% of patients in the phase 3 studies, while 0% and 0.2% of patients demonstrated second degree AVB [1, 3] . Table 5 compares the occurrence of extended monitoring and cardiovascular adverse events in this cohort to what was reported in a pooled analysis of patients treated with the same dose of fingolimod in phase III trials and from the US EPOC study [6, 14] . This comparison shows again that these frequencies are consistent across the various studies, and confirms the very benign cardiovascular profile of fingolimod both in controlled clinical trials and in a real word experience like this study.
About 1/3 of the large population included in this study had other medical conditions and a significant number of subjects (136/906, 15.0%) were treated with drugs that may influence HR and conduction. Importantly, the use of many medications which can cause bradycardia or influence the cardiac conduction, including beta-blockers or anti-psychotic drugs, was not associated to cardiac adverse events. Although we found some relationship between the use of topiramate, 4-aminopyridine and trazodone and the need for extended monitoring, the patient numbers were small and so firm conclusions cannot be drawn from this result. While it appears that the impact of existing cardiovascular-related medications on the adverse event profile of fingolimod is small, further investigation into the effect of these drugs on the safety and tolerability of fingolimod is warranted.
The strength of this study is the better generalizability of its results, obtained in a large population of patients resembling that of clinical practice in terms of concomitant diseases and medications compared the selected population of the pivotal phase III trials. Weaknesses include the lack of a standardized definition of bradycardia, and that ECG was performed only if clinically indicated and not routinely. While this different procedure may have led to missing some cardiovascular events, especially in asymptomatic patients, we believe that the likelihood of clinically relevant adverse events being missed is small, considering that patients were continuously followed for the first six hours through monitoring HR, blood pressure and clinical status. In addition, it should be considered that the clinical significance of cardiovascular events following pharmacological stimulation in patients with multiple sclerosis, who are otherwise generally healthy (such as those enrolled in this study), is different from that of patients with pre-existing cardiovascular disease. In this context, the clinical relevance of asymptomatic or mild symptomatic events, which may have been missed during the first dose monitoring, is likely very limited.
Conclusion
Taken together, the results of this study, run in a population of patients with RRMS who did not have alternative Table 5 Clinical experience after one dose of fingolimod 0.5 mg/day in the present study (CFTY720DIT03) in comparison with a pooled analysis of three pivotal fingolimod phase III studies (2302, 2301, 2309 [6] ) and the US EPOC study [14] n (%) CFTY720DIT03 2302, 2301, 2309 [6] EPOC [14] n = 906 n = 1212 a n = 783 The frequency of AVB was not calculated since ECG was not performed routinely in all patients and the exact number of patients who underwent to ECG was not captured.
suitable options and who better resembled real-world clinical practice in terms of concomitant diseases and medications, confirmed that the first dose administration of fingolimod is generally safe and well tolerated.
